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(54) Semiconductor laser having effective output increasing function 



(57) Disclosed is a semiconductor laser capable of 
preventing diffusion of a p-type dopant to an active layer 
while performing sufficient carrier blocking, even when 
Zn is used as a p-type dopant, and obtaining high emis- 
sion efficiency and high output by minimizing light 
absorption in a p-type cladding layer. This semiconduc- 
tor laser includes an active layer (3) and p-type cladding 



layer (5, 6, 7) on an n-type semiconductor substrate (1). 
The concentration distribution of a p-type dopant from 
the active layer (3) to the p-type cladding layer (5, 6, 7) 
has a maximum value at a distance of 50 to 250 nm 
from the end of the active layer (3). 
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Descripti n 

[0001 ] The present invention relates to a semiconduc- 
tor laser and, more particularly, to a semiconductor 
laser characterized by a carrier block portion for an 
active layer. 

[0002] As is well known, a semiconductor laser is a 
light emitting device used in a broad range of fields such 
as optical communication, various optical measure- 
ments, and optical recording. 

[0003] The characteristics required of this semicon- 
ductor laser slightly vary from one application to 
another. However, high output is a common subject to 
all fields. 

[0004] FIG. 5 shows the structure of a 1 .48*nm semi- 
conductor laser for exciting an erbium-doped fiber 
amplifier used in the field of optical fiber communication. 
[0005] In this semiconductor laser, a mesa structure is 
formed on an n-type InP substrate 51. 
[0006] In this mesa structure, an InGaAsP separate 
confinement heterostructure (SCH) layer 52, an 
InGaAsP active layer 53, an InGaAsP SCH layer 54, 
and a p-type InP cladding layer 55 are stacked in this 
order. 

[0007] The InGaAsP SCH layers 52 and 54 have a 
bandgap intermediate between the active layer 53 and 
the InP layers 51 and 55 and can have either a uniform 
structure or an internal refractive index distribution (to 
be referred to as a GRIN structure hereinafter). 
[0008] The InGaAsP active layer 53 often has a multi- 
ple quantum welt structure (MQW) in which quantum 
well layers and barrier layers are stacked, rather than a 
bulk structure. 

[0009] In the remainder of this specification, when a 
term "active layer" is used it doesn't matter whether the 
active layer has a bulk structure or an MQW structure. 
[0010] Likewise, when a term "SCH layer" is used in 
this specification, it doesn't matter whether the SCH 
layer has a uniform refractive index or a GRIN structure. 
[001 1] A p-type InP buried layer 56 and an n-type InP 
buried layer 57 are buried in the two sides of the mesa 
to contribute to the constriction of a current path and the 
formation of a stripe optical waveguide. 
[001 2] A p-type InGaAs contact layer 58 is formed on 
the p-type InP cladding layer 55 in many instances. 
[001 3] A semiconductor layer is completed by forming 
metal electrodes on the two surfaces of the semicon- 
ductor crystal thus formed. 

[001 4] Output of a semiconductor laser like this can be 
increased by many factors. Among other factors, it is 
important to allow radiative recombination at high prob* 
ability of carriers (electrons and holes) injected into the 
active layer. 

[001 5] To this end. it is desirable to block carriers over- 
flowing from the active layer by a p-type dopant in the 
cladding layer and thereby enhance the confinement of 
carriers to the active layer. 

[0016] A semiconductor laser like this often uses 



metal organic vapor phase epitaxy (MOVPE) having 
high mass productivity for crystal growth, Zn as a p-type 
dopant and Si as an n-type dopant 
[0017] The doping amounts of these dopants control 
5 the carrier concentration in a semiconductor. 

[001 8] The higher the carrier concentration, the better 
the electrical characteristics. However, as particularly 
holes readily absorb light, caution should be exercised 
on the carrier concentration in the p-type cladding layer. 
10 [001 9] That is, it is necessary to take account of not 
only the active layer carrier blocking effect described 
above but also the light absorbing effect of holes. 
[0020] Additionally, when Zn is used as a p-type 
dopant, the problem of diffusion in heating steps must 
is be taken into consideration. 

[0021] More specifically, if the concentration of a p- 
type dopant in a cladding layer near an active layer is 
high, Zn easily diffuses in the crystal. Consequently, Zn 
enters the active layer (a well layer in the case of an 
20 MQW structure) which is supposed to be undoped. This 
Zn functions as the source of non-radiative recombina- 
tion and degrades the laser characteristics. This is 
known to those skilled in the art. 

[0022] To obtain a doping concentration distribution in 
a p-type cladding layer by which this Zn diffusion to an 
active layer is prevented, Jpn. Pat. Appln. KOKAI Publi- 
cation No. 7-193321 has disclosed a technique which 
decreases the doping concentration near an active layer 
and increases the doping concentration in a direction 
away from the active layer. 

[0023] Also, to suppress unnecessary absorption of 
light while blocking electrons from an active layer, Jpn. 
Pat Appln. KOKAI Publication No. 9-45989 uses a 
method in which only a thin layer near an active layer is 
heavily doped and layers above this thin layer are lightly 
doped. 

[0024] This method uses C or Mg as a dopant instead 
of Zn which is readily diffusible. 
[0025] In the technique disclosed in Jpn. Pat Appln. 
KOKAI Publication No. 7-193321, however, the dopant 
concentration in a cladding layer gradually increases 
from an active layer. This makes it difficult to sufficiently 
block electrons overflowing from the active layer in the 
vicinity of the active layer. 

[0026] In this technique, therefore, electrons easily 
overflow from an active layer, so it is impossible to allow 
effective radiative recombination of a current injected 
into the active layer. Hence, the technique is unsuited to 
increasing the output of a semiconductor laser. 
[0027] In the method disclosed in Jpn. Pat. Appln. 
KOKAI Publication No. 9-45989, C or Mg must be used 
to suppress diffusion of a dopant to an active layer. 
[0028] Unfortunately, these materials have lower puri- 
ties and higher prices than those of Zn and hence can- 
not be generally used as a p-type dopant. 
[0029] The present invention has been made in con- 
sideration of the above situation, and has as its object to 
provide a semiconductor laser capable of preventing dif- 
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fusion of a p-type dopant to an active layer while per- 
forming sufficient carrier blocking, even when Zn is used 
as a p-type dopant and obtaining high emission effi- 
ciency and high output by minimizing light absorption in 
a p-type cladding layer. 

[0030] To achieve the above object, according to one 
aspect of the present invention, there is provided a sem- 
iconductor laser having a stacked structure including an 
n-type semiconductor substrate, an active layer, and a 
p-type cladding layer formed on the active layer, 
wherein the p-type cladding layer is formed such that 
regions doped with a p-type dopant are formed in an 
order of a first lightly doped region, a heavily doped 
region, and a second lightly doped region from a region 
closest to the active layer in a stacking direction, and a 
maximum value of concentration of the p-type dopant 
exists in the heavily doped region within a range of 50 to 
250 nm in the stacking direction from the active layer. 
[0031] According to another aspect of the present 
invention, there is provided a semiconductor laser com- 
prising: 

an n-type semiconductor substrate; 

an active layer formed on the n-type semiconductor 

substrate; and 

a p-type cladding layer formed by doping a p-type 
dopant into the form of a stacked structure on the 
active layer, 

the p-type cladding layer comprising: 
a p-type dopant diffusion preventing layer formed in 
a region near the active layer to prevent diffusion of 
the p-type dopant to the active layer during fabrica- 
tion process of the semiconductor laser; 
a carrier blocking layer formed on the p-type dopant 
diffusion preventing layer to block carriers overflow- 
ing from the active layer and confine the carriers in 
the active layer when the semiconductor laser is in 
operation; and 

a light absorption inhibiting layer formed on the car- 
rier blocking layer to inhibit absorption of light by 
holes when the semiconductor laser is in opera- 
tion). 

[0032] According to still another aspect of the present 
invention, there is provided a method of fabricating a 
semiconductor laser, comprising the steps of: 

forming an active layer on an n-type semiconductor 
substrate; and 

forming a p-type cladding layer by doping a p-type 
dopant into the form of a stacked structure on the 
active layer, 

the step of forming the p-type cladding layer com- 
prising: 

forming a p-type dopant diffusion preventing layer in 
a region near the active layer to prevent diffusion of 
the p-type dopant to the active layer during a fabri- 
cation process of the semiconductor laser; 



forming a carrier blocking layer on the p-type 
dopant diffusion preventing layer to block earners 
overflowing from the active layer and confine the 
carriers in the active layer when the semiconductor 
5 laser is in operation; and 

forming a light absorption inhibiting layer on the car- 
rier blocking layer to inhibit absorption of light by 
holes when the semiconductor laser is in operation. 

10 [0033] This summary of the invention does not neces- 
sarily describe all necessary features so that the inven- 
tion may also be a sub-combination of these described 
features. 

[0034] The invention can be more fully under stood 
is from the following detailed description when taken in 
conjunction with the accompanying drawings, in which: 

FIG. 1 is a sectional view showing the arrangement 
of a semiconductor laser according to an embodi- 

20 ment of the present invention; 

FIG. 2 is a graph showing an example of the carrier 
concentration distribution in p-type cladding layers 
in the semiconductor laser according to the embod- 
iment of the present invention; 

25 FIG. 3 is a graph showing the output characteristic 
of the semiconductor laser according to the embod- 
iment of the present invention; 
FIG. 4 is a graph showing the relationship between 
the distance from the upper end of an active layer to 

30 the maximum value of carrier concentration in the 
p-type cladding layers and the optical output; and 
FIG. 5 is a sectional view showing the structure of a 
conventional 1.48-jim semiconductor laser for 
exciting an erbium-doped fiber amplifier used in the 

35 field of optical fiber communication. 

[0035] First, an outline of the present invention will be 
described below. 

[0036] To solve the above problems, an invention cor- 
40 responding to the first aspect is a semiconductor laser 
having an active layer and a p-type cladding layer on an 
n-type semiconductor substrate, wherein the concentra- 
tion distribution of a p-type dopant from the active layer 
to the p-type cladding layer has a maximum value at a 
45 distance of 50 to 250 nm from the end of the active 
layer. 

[0037] With this means, the present invention can per- 
form carrier blocking for the active layer in the portion 
where the p-type dopant concentration has a maximum 
so value. 

[0038] Also, the distance from the position of this max- 
imum value to the end of the active layer is at least 50 
nm, so diffusion of the p-type dopant to the active layer 
can be prevented. Additionally, since the p-type dopant 
55 concentration decreases at least once after the position 
of the maximum value, light absorption in the p-type 
cladding layer can be minimized. 
[0039] Accordingly, a semiconductor laser having high 
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emission efficiency and high output can be realized. 
[0040] In an invention corresponding to the second 
aspect, the p-type dopant is zinc (Zn) in the invention 
corresponding to the first aspect. 

[0041] In the present invention with this means, a s 
lightly doped dopant region is formed between the 
active layer and the maximum value. Therefore, even 
when the p-type dopant is zinc which is readily diffusi- 
ble, this dopant does not enter the active layer. 
[0042] Accordingly, the invention corresponding to this to 
second aspect can achieve the same effects as in the 
invention corresponding to the first aspect and can also 
prevent degradation of the laser characteristics caused 
by an increase in non-radiative recombination resulting 
from mixing of zinc. It is also possible to use, as a is 
dopant, a material which is inexpensive and pure, has 
been actually used in many applications, and hence is 
highly reliable. 

[0043] In an invention corresponding to the third 
aspect, the material system of the semiconductor is 20 
InGaAsP/lnP in the invention corresponding to the first 
or second aspect. 

[0044] With this means, the present invention can 
achieve the same effects as in the invention corre- 
sponding to the first or second aspect and can also pro- 25 
vide a semiconductor laser required to have high 
output, e.g.. a semiconductor laser usable to excite a 
fiber amplifier in the field of optical communication. 
[0045] In an invention corresponding to the fourth 
aspect, the maximum value of the p-type dopant con- 30 
centration is 1 * 10 18 /cm 3 or more in the inventions cor- 
responding to the first to third aspects. 
[0046] With this means, the present invention can 
achieve the same effects as in the inventions corre- 
sponding to the first to third aspects and can also per- 35 
form sufficient carrier blocking. 
[0047] In an invention corresponding to the fifth 
aspect, the minimum value of the p-type dopant con- 
centration from the end of the active layer to the heavily 
doped region maximum value is 3 x lO^/cm 3 or less in 40 
the inventions corresponding to the first to fourth 
aspects. 

[0048] With this means, the present invention can 
achieve the same effects as in the inventions corre- 
sponding to the first to fourth aspects and can also more 45 
effectively prevent mixing of the p-type dopant into the 
active layer. 

[0049] An invention corresponding to the sixth aspect 
has a separate confinement heterostructure layer 
between the active layer and the p-type cladding layer in so 
the inventions corresponding to the first to fifth aspects. 
[0050] With this means, the present invention can 
achieve the same effects as in the inventions corre- 
sponding to the first to fifth aspects even when the sep- 
arate confinement heterostructure layer is formed. ss 
[0051 ] In the present invention, the maximum value of 
the dopant concentration can exist in this separate con- 
finement heterostructure layer. 



[0052] In an invention conesponding to the seventh 
aspect, the active layer has a multiple quantum well 
structure in the inventions corresponding to the first to 
sixth aspects. 

[0053] With this means, the present invention can 
achieve the same effects as in the inventions corre- 
sponding to the first to sixth aspects and can also fur- 
ther improve the characteristics. 
[0054] An invention corresponding to the eighth 
aspect is a semiconductor laser having an active layer 
and a p-type cladding layer using zinc as a p-type 
dopant on an n-type semiconductor substrate, wherein 
a concentration distribution of the p-type dopant from 
the end of the active layer to the p-type cladding layer 
has at least one maximum value with the undoped 
region or lightly doped region sandwiched between the 
end of the active layer and the heavily doped region. 
[0055] With this means, the present invention can 
achieve the same effects as in the invention corre- 
sponding to the second aspect 

[0056] An embodiment of the present invention based 
on the aforementioned outline wilt be described below. 
[0057] FIG. 1 is a sectional view showing the arrange- 
ment of a semiconductor laser according to the embod- 
iment of the present invention. 

[0058] This semiconductor laser is constructed in the 
same manner as the semiconductor laser explained in 
"BACKGROUND OF THE INVENTION" except for the 
concentration distribution in p-type cladding layers. 
[0059] That is, in a mesa structure formed on an n- 
type InP substrate 1 , an InGaAsP separate confinement 
heterostructure (SHC) layer 2, an InGaAsP active layer 
3, an InGaAsP SCH layer 4, and p-type InP cladding 
layers 5, 6, and 7 are stacked in this order. 
[0060] The p-type cladding layers are three layers, i.a, 
the lightly doped p-type cladding layer 5, the heavily 
doped p-type cladding layer 6, and the moderately 
doped p-type cladding layer 7 formed in the order 
named from a layer closest to the active layer 3. 
[0061 ] A p-type contact layer 8 is stacked on the mod- 
erately doped p-type cladding layer 7. 
[0062] A p-type InP buried layer 9 and an n-type InP 
buried layer 10 are buried in the two sides of the mesa 
to contrtoute to the constriction of a current path and the 
formation of a stripe optical waveguide. 
[0063] Additionally, an n-type electrode 11 and a p- 
type electrode 12 are formed on the n-type InP sub- 
strate 1 and the p-type contact layer 8, respectively, to 
complete the semiconductor laser. 
[0064] The dopant used in the p-type cladding layers 
5, 6, and 7 is zinc (Zn), and the carrier concentrations in 
these layers 5, 6, and 7 and the carrier concentration 
distrbution in the direction of thickness of these layers 
are important 

[0065] FIG. 2 shows an example of the carrier concen- 
tration distribution in the p-type cladding layers in the 
semiconductor laser of this embodiment 
[0066] In the earner concentration distribution shown 



<EP 0959 540 A2J_> 



4 



7 



EP 0 959 540 A2 



8 



in FIG. 2, a first portion 50 nm thick from the end portion 
of the active layer is lightly doped (the lightly doped p- 
type cladding layer 5). 

[0067] A portion 100 nm thick from the end of this 
lightly doped p-type cladding layer 5 (i.e., a portion s 
within the range of 50 to 1 50 nm from the end portion of 
the active layer 3) is heavily doped (the heavily doped p- 
type cladding layer 6). 

[0068] A portion after this heavily doped p-type clad- 
ding layer 6 is moderately doped (the moderately doped 10 
p-type cladding layer 7). 

[0069] Referring to FIG. 2, the solid line indicates the 
carrier concentration distribution when the cladding lay- 
ers are stacked. The alternate long and short dashed 
line indicates the carrier concentration in the finally is 
obtained semiconductor laser. 

[0070] That is, Zn as a dopant diffuses in various heat- 
ing steps in the semiconductor laser fabrication proc- 
ess, so the initial distribution (solid line) changes to the 
final distribution (alternate long and short dashed line). 20 
[0071 ] Note that the SCH layer 4 is not shown in FIG. 
2. 

[0072] That is, the first 50-nm thick portion from the 
end portion of the active layer 3 is lightly doped as 
described above, and this distance of 50 nm includes 25 
the thickness of the SCH layer 4. 
[0073] The subsequent heavily doped portion need 
not exist in the cladding layer, i.e.. the heavily doped 
portion can exist in the SCH layer 4. 
[0074] More specifically, a statement The lightly 30 
doped p-type cladding layer 5, the heavily doped p-type 
cladding layer 6, and the moderately doped p-type clad- 
ding layer 7 are formed in the order named" in this spec- 
ification means that layers lightly, heavily, and 
moderately doped with zinc (Zn) are formed in this order 35 
from the upper end of the active layer, regardless of 
whether each doped layer actually exists in the SCH 
layer 4 or the cladding layer (this relationship holds in 
the remainder of this specification). 
[0075] The meaning of the shape of this concentration 40 
distribution of doped carriers will be descrfoed below. 
[0076] The heavily doped p-type cladding layer 6 func- 
tions as a carrier block for blocking electrons overflow- 
ing from the active layer 3. 

[0077] Since this heavily doped p-type cladding layer 45 
6 is formed near the active layer 3, effective carrier 
blocking is performed, and a high-efficiency, high-output 
semiconductor laser is realized. 

[0078] In crystal growth performed by metal organic 
vapor phase epitaxy, doping of about 1 x 10 18 /cm 3 can so 
be readily achieved. Therefore, this heavily doped p- 
type cladding layer 6 blocks and confines electrons into 
the active layer 3. 

[0079] In the present invention, the heavily doped p- 
type cladding layer 6 is formed near the active layer 3 as ss 
described above and, more importantly, the lightly 
doped p-type cladding layer 5 is formed between this 
heavily doped p-type cladding layer 6 and the active 



layer 3. 

[0080] This is done by taking account of high diffusi- 
bility of zinc (Zn). 

[0081] That is, as can be seen from FIG. 2, when the 
lightly doped p-type cladding layer 5 is sandwiched 
between the heavily doped p-type cladding layer 6 and 
the active layer 3, Zn diffusing from the heavily doped p- 
type cladding layer 6 stops in the lightly doped p-type 
cladding layer 5 and does not reach the active layer 3. 
[0082] Consequently, while effective carrier blocking is 
performed, it is possible to eliminate the shortcoming 
that the p-type dopant mixes into the active layer 3 to 
decrease the emission efficiency. 
[0083] Accordingly the lightly doped p-type cladding 
layer 5 is desirably undoped or doped at a low concen- 
tration of about 3 x I0 17 /cm 3 or less. 
[0084] The formation of the moderately doped p-type 
cladding layer 7 having a medium earner concentration 
in the portion following the heavily doped p-type clad- 
ding layer 6 also contributes to the realization of high 
emission efficiency and high output 
[0085] That is, a portion heavily doped with Zn is nec- 
essary to block carriers. However, holes originally read- 
ily absorb light, so no unnecessarily heavily doped 
portion is preferably formed in a cladding layer. 
[0086] In the present invention, therefore, this point is 
taken into consideration, and the region moderately 
doped with Zn (the moderately doped p-type cladding 
layer 7) is formed after the heavily doped p-type clad- 
ding layer 6 as a carrier blocking layer. 
[0087] In this manner, the hole concentration in the 
whole cladding layers is prevented from becoming too 
high, thereby suppressing light absorption by holes. 
[0088] When the conductivity and the like factors are 
taken into consideration, the moderately doped p-type 
cladding layer 7 occupying the most part of the cladding 
layers preferably has a carrier concentration of about 5 
x 10 17 /cm 3 as a whole. 

[0089] When the lightly heavily, and moderately 
doped p-type cladding layers 5, 6, and 7 are formed in 
this order as described above, the carrier concentration 
distribution has a concentration peak (maximum value) 
as indicated by the alternate long and short dashed line 
in FIG. 2. 

[0090] That is, in this distribution the concentration 
decreases at least once from the position of this maxi- 
mum value in a direction away from the active layer 3. 
[0091 ] In the semiconductor laser of this embodiment, 
the concentrations in the layers 5, 6. and 7 are so 
adjusted that the position of this p-type dopant concen- 
tration peak (maximum value) is at a distance of 50 to 
250 nm (preferably 50 to 150 nm) from the end of the 
active layer 3. 

[0092] When this maximum value point is at a dis- 
tance of about 50 to 250 nm (preferably 50 to 150 nm) 
from the active layer 3. diffusion of Zn does not reach 
the active layer 3. 

[0093] In the semiconductor laser of this embodiment 
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constructed as above, high emission efficiency can be 
obtained because electrons are well confined in the 
active layer and light loss caused by holes is small. 
Accordingly, the laser beam of this semiconductor laser 
has high output. 

[0094] FIG. 3 is a graph showing the output character- 
istic of the semiconductor laser of this embodiment 
[0095] As shown in FIG. 3, the semiconductor laser of 
this embodiment realizes output higher by 20% or more 
than a semiconductor laser of prior art. 
[0096] A procedure of fabricating the semiconductor 
laser shown in FIG. 3 will be described later. 
[0097] The aforementioned maximum value need not 
probably be the maximum value of the carrier concen- 
tration in the cladding layers. 

[0098] For example, presumably high emission effi- 
ciency as described above can be obtained even when 
a high carrier concentration point (maximum value) 
exists in a position farther than the maximum value posi- 
tion from the active layer 3. 

[0099] The result of examination on the most effective 
distance of the maximum value position from the upper 
end of the active layer 3 will be described below. 
[0100] FIG. 4 is a graph showing the relationship 
between the distance of the maximum value of the car- 
rier concentration in the p-type d adding layers from the 
upper end of the active layer. 

[01 01 ] That is. a plurality of semiconductor lasers hav- 
ing carrier concentration distribution shapes shown in 
FIGS. 1 and 2 were formed such that the maximum 
value of the carrier concentration is the position of each 
plot in FIG. 4. FIG. 4 shows the result of measurement 
of optical output for an injected current of 500 mA. 
[0102] In each semiconductor laser, the lightly doped 
p-type cladding layer 5 is an undoped layer, and neither 
a low- nor high-reflecting coating are formed. 
[0103] The semiconductor laser shown in FIG. 3 has 
low-and high-reflecting coatings, and output light from 
the low-reflecting coating is measured. Therefore, the 
apparent optical output is larger than in FIG. 4. 
[0104] As shown in FIG. 4, to obtain a high-output 
semiconductor laser, an optimum distance from the 
upper end of the active layer to the position of the max- 
imum value is about 1 00 nm. 

[0105] When this distance is about 50 to 250 nm, a 
semiconductor laser having high light emission effi- 
ciency and high output can be obtained. More prefera- 
bly, a considerably large output increasing effect can be 
obtained when the distance to the maximum value is 
about 50 to 150 nm. 

[01 06] In the semiconductor laser shown in FIG. 4, the 
lightly doped p-type cladding layer 5 is an undoped 
layer. 

[0107] When the cladding layer 5 is lightly doped, the 
optical output does not become lower than that shown 
in FIG. 4 even if the position of the maximum concentra- 
tion is farther from the upper end of the active layer. 
[0108] In the semiconductor laser according to this 



embodiment of the present invention as described 
above, the heavily doped p-type cladding layer 6 is 
formed near the active layer 3 with the lightly doped p- 
type cladding layer 5 sandwiched between them. There- 

5 fore, even when Zn is used as a p-type dopant this p- 
type dopant does not diffuse to the active layer 3. Addi- 
tionally, electrons are well confined in the active layer 3 
by blocking by the heavily doped layer 6. Consequently, 
high emission efficiency and high output can be real- 

w ized. 

[01 09] Also, in the semiconductor laser of this embod- 
iment the moderately doped p-type cladding layer 7 is 
formed subsequently to the heavily doped p-type clad- 
ding layer 6 so that the final carrier concentration distri- 

75 bution takes a maximum value in the heavily doped p- 
type cladding layer 6. Additionally, the position of this 
maximum value is set within a predetermined range 
from the upper end of the active layer. Consequently, in 
addition to the above effects* absorption of light in the p- 

20 type cladding layers by holes can be minimized. This 
further increases the laser output 

(Practical Example) 

25 [0110] A practical example when the semiconductor 
laser according to the above embodiment is fabricated 
will be described below. 

[01 1 1 ] This practical example relates to steps of fabri- 
cating a 1.48-nm semiconductor laser for exciting an 
30 erbium-doped fiber amplifier used in the field of optical 
fiber communication. The structure of this semiconduc- 
tor laser is the same as shown in FIG. 1. 
[01 1 2] Ftrst InGaAsP layers having compositions by 
which the bandgap wavelengths are 1.15, 1.08, and 
35 0.99 iim and each having a thickness of 30 nm are 
stacked on an n-type InP substrate 1 having a carrier 
concentration of 1 x I0 18 /cm 3 by using MOVPE, thereby 
forming an SCH layer 2. 

[01 13] A multiple quantum well structure active layer 3 
AO having four well layers are grown on the SCH layer 2 by 
forming InGaAsP layers, in which -0.5% of tensile strain 
is introduced to a composition by which the bandgap 
wavelength is 1.25 \im with no strain, as barrier layers, 
and InGaAsP layers, in which +1% of compression 
45 strain is introduced to a composition by which the band- 
gap wavelength is 1 .55 pm, as well layers. 
[0114] Subsequently, InGaAsP layers having compo- 
sitions by which the bandgap wavelengths are 0.99, 
1.08, and 1.15 nm and each having a thickness of 30 
so nm are stacked on the active layer 3, thereby forming an 
SCH layer 4. 

[01 15] On this SCH layer 4, an undoped 50-nm thick 
InP layer, a p-type 100-nm thick InP layer having a car- 
rier concentration of 1 x 10 18 /cm 3 . and a p-type 300-nm 
55 thick InP layer having a carrier concentration of 5 x 
10 17 /cm 3 are stacked in this order as a lightly doped p- 
type cladding layer 5, a heavily doped p-type cladding 
layer 6, and a moderately doped p-type cladding layer 7, 
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respectively, thereby forming the p-type cladding layers 
5,6, and 7. 

[0116] The dopant is zinc (Zn), and the carrier con- 
centration of the lightly doped p-type cladding layer 5 
can be about 3 x 10 17 /cm 3 . 

[0117] An Si0 2 film about a few tens of nm thick is 
deposited on the p-type cladding layer 7 by plasma CVD 
or the like. This Si0 2 film is formed into a stripe about 2 
jim wide by photolithography to form an etching mask 
[01 1 8] The resultant structure is dipped into an etch- 
ing solution consisting of sulfuric acid, oxalic acid, and 
hydrochloric acid using this stripe St0 2 film as an etch- 
ing mask, thereby forming a mesa shape. 
[01 1 9] Subsequently, the Si0 2 film is used as a growth 
inhibiting mask to sequentially stack and bury a p-type 
InP buried layer 9 and an n-type InP buried layer 10 in 
the mesa by MOVPE. 

[0120] After that, a 2-pm thick p-type InP cladding 
layer 7 having a carrier concentration of 5 x 10 17 /cm 3 is 
grown on the entire surface from which the Si0 2 film is 
removed. 

[01 21 ] Additionally, a 0.5-iim thick p-type InGaAs con- 
tact layer 8 having a carrier concentration of 5 * 
lO^/cm 3 is grown. 

[0122] Finally, the n-type InP substrate 1 is polished to 
have a thickness of about 100 jim. a p-type electrode 12 
containing Au and Zn is formed on the growth surface by 
vapor deposition, and an n-type electrode 1 1 containing 
Au and Ge is formed on the substrate surface by vapor 
deposition. 

[0123] These n- and p-type electrodes 1 1 and 12 are 
plated with Au. 

[0124] Furthermore, the end faces on the two sides 
are cleaved, and a dielectric film as a low-reflecting 
coating or high-reflecting coating is formed on the 
cleaved end faces by vapor deposition or the like. 
[01 25] The injected current-optical output characteris- 
tic of the present invention shown in FIG. 3 of the above 
embodiment is the characteristic measured for the sem- 
iconductor laser fabricated as above. 
[0126] The characteristic of the semiconductor laser 
according to the prior art shown in FIG. 3 is measured 
for a device fabricated by setting the carrier concentra- 
tions of all p-type cladding layers to a fixed value of 5 x 
lO^/cm 3 for comparison. 

[01 27] FIG. 3 shows that the optical output of the sem- 
iconductor laser according to the embodiment of the 
present invention is higher by 20% or more than that of 
the semiconductor laser of the prior art when the 
injected current is 500A. 

[0128] The present invention is not limited to the 
above embodiment and practical example and can be 
modified without departing from the scope of the inven- 
tion. 

[0129] For example, in the practical example the 
present invention has three GRIN SCH layers and a 
strained MQW structure active layer having four well lay- 
ers. However, the present invention is not limited to 



these structures and is applicable to semiconductor 
lasers having various structures. 
[01 30] In the present invention as has been described 
in detail above, a heavily doped region is formed with a 

s lightly doped region sandwiched between an active 
layer and the heavily doped region. Therefore, it is pos- 
sible to provide a semiconductor laser capable of pre- 
venting diffusion of a p-type dopant to an active layer 
while performing sufficient carrier blocking, even when 

w Zn is used as a p-type dopant, and obtaining high emis- 
sion efficiency and high output by minimizing light 
absorption in a p-type cladding layer. 

Claims 

15 

1. A semiconductor laser comprising: 

an n-type semiconductor substrate (1); 
an active layer (3) formed on the n-type serni- 
20 conductor substrate (1 ); and 

a p-type cladding layer (5, 6, 7) formed on th 
active layer (3), 

characterized in that the p-type cladding layer 
(5, 6, 7) is formed such that regions doped with 

25 a p-type dopant are formed in an order of a first 

lightly doped region (5). a heavily doped region 
(6). and a second lightly doped region (7) from 
a region closest to the active layer (3) in a 
stacking direction, and a maximum value of 

30 concentration of the p-type dopant exists in the 

heavily doped region within a range of 50 to 
250 nm in the stacking direction from the active 
layer (3). 

35 2. The laser according to claim 1 , 

characterized in that the p-type dopant is zinc. 

3. The laser according to claim 1 or 2, 
characterized in that the material system of the n- 

40 type semi-conductor substrate is InGaAsP/lnR 

4. The laser according to any of claims 1 to 3, 
characterized in that the maximum value of the p- 
type dopant concentration is not less than 1 x 10 18 

45 cm' 3 . 

5. The laser according to any of claims 1 to 4, 
characterized in that the minimum value of the p- 
type dopant concentration is not more than 3 x 10 17 

so cm' 3 between the end of the active layer (3) and th 
heavily doped region. 

6. The laser according to any of claims 1 to 5, 
characterized by further comprising a separate 

55 confinement hetero structure layer (4) between the 
active layer (3) and the p-type cladding layer (5, 6, 
7) 
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7. The laser according to any of claims 1 to 6, 
characterized in that the active layer (3) has a mul- 
tiple quantum well structure. 

8. The laser according to any of claims 1 to 7, 
characterized in that the concentration distribution 
of the p-type dopant from the active layer (3) to the 
p-type cladding layer (5. 6, 7) has at least one max- 
imum value, with an undoped region or lightly 
doped region sandwiched between an end of the 
active layer (3) and the heavily doped regioa 

9. A method of fabricating a semiconductor laser, 
comprising the following steps: 

forming an active layer (3) on an n-type semi- 
conductor substrate (1); and 
forming a p-type cladding layer (5, 6, 7) by dop- 
ing a p-type dopant into the form of a stacked 
structure on the active layer (3), 
characterized in that the step of forming the p- 
type cladding layer (5, 6, 7) comprises: 
forming a p-type dopant diffusion preventing 
layer (5) in a region near the active layer (3) to 
prevent diffusion of the p-type dopant to the 
active layer (3) during the fabrication process of 
the semiconductor laser; 
forming a carrier blocking layer (6) on the p* 
type dopant diffusion preventing layer (5) to 
block carriers overflowing from the active layer 
(3) and confine the carriers in the active layer 
(3) when the semiconductor laser is in opera- 
tion; and 

forming a light absorption inhibiting layer (7) on 
the carrier blocking layer (6) to inhibit absorp- 
tion of light by holes when the semiconductor 
laser is in operation. 

1 0. The laser according to claim 9, 
characterized in that the p-type dopant is zinc. 

11. The laser according to claim 9 or 10, 
characterized in that the material system of the n- 
type semiconductor substrate is InGaAsP/lnR 

12. The laser according to any of claims 9 to 1 1 , 
characterized in that the maximum value of concen- 
tration of the p-type dopant is not less than 1 x 10 18 
cm* 3 . 

13. The laser according to any of claims 9 to 12, 
characterized in that the minimum value of concen- 
tration of the p-type dopant is not more than 3 x 
10 17 cm" 3 between the end of the active layer (3) 
and the heavily doped region. 

14. The laser according to any of claims 9 to 1 3, 
characterized by further comprising a separate 
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confinement heterostructure layer (4) between the 
active layer (3) and the p-type cladding layer (5, 6, 
7). 

5 15. The laser according to any of claims 9 to 1 4, 

characterized in that the active layer (3) has a mul- 
tiple quantum well structure. 

1 6. The laser according to any of claims 9 to 15, 

10 characterized in that the concentration distribution 
of the p-type dopant from the active layer (3) to the 
p-type cladding layer (5. 6, 7) has at least one max- 
imum value, with the undoped region or lightly 
doped region sandwiched between the end of the 

75 active layer (3) and the carrier blocking layer (6). 

17. A method of fabricating a semiconductor laser, 
characterized by the following steps: 

20 - forming an active layer (3) on an n-type semi- 
conductor substrate ( 1 ) ; and 
forming a p-type cladding layer (5, 6, 7) by dop- 
ing a p-type dopant into the form of a stacked 
structure on the active layer (3), 

25 the step of forming the p-type cladding layer (5, 

6, 7) comprising: 

forming a p-type dopant diffusion preventing 
layer (5) in a region near the active layer (3) to 
prevent diffusion of the p-type dopant to the 

30 active layer (3) during a fabrication process of 

the semiconductor laser; 
forming a carrier blocking layer (6) on the p- 
type dopant diffusion preventing layer (5) to 
block carriers overflowing from the active layer 

35 (3) and confine the carriers in the active layer 

(3) when the semiconductor laser is in opera- 
tion; and 

forming a light absorption inhibiting layer (7) on 
the carrier blocking layer (6) to inhibit absorp- 
40 tion of light by holes when the semiconductor 

laser is in operation. 



EP 0 959 540 A2 



8 



EP 0 959 540 A2 




ro 
i 

E 
o 

o 

x 



(X 

LU Z 
— LU 

(XZ 

<o 
o o 



10 



n-TYPE 
REGION 



FIG.2 



ACTIVE 
LAYER 3 



p-TYPE 
REGION 



LIGHTLY 
DOPED 
p-TYPE 
CLADDING 
LAYER 





HEAVILY DOPED 
p-TYPE CLADDING 

LAYER 

' MODERATELY DOPED 
p-TYPE CLADDING 
LAYER 



0 50 150 
FILM THICKNESS (nm) 



FIG.5 

(PRIOR ART) 




EP 0 959 540 A2 





(19) 



J 



(12) 



(88) Date of publication A3: 

02.02.2000 Bulletin 2000/05 

(43) Date of publication A2: 

24.1 1 .1 999 Bulletin 1 999/47 

(21) Application number: 99109559.7 

(22) Date of filing: 12.05.1999 



EuropSisches Patentamt 
Eur pean Patent Office 
Office europ* n des brevets (11) EP 0 959 540 A3 

EUROPEAN PATENT APPLICATION 

(51) IntCl. 7 : H01S3/19. H01L 33/00 



(84) 


Designated Contracting States: 


* Kanaya, Yasuhtro 




AT BE CH CY DE DK ES Fl FR GB GR IE IT U LU 


Ishara-shi, Kanagawa-ken (JP) 




MC NL PT SE 


• Nagashima, Yasuaki 




Designated Extension States: 


Atsugi-shi, Kanagawa-ken (JP) 




AL LT LV MK RO SI 


• Kikugawa, Tomoyuki 
Atsugi-shi, Kanagawa-ken (JP) 


(30) 


Priority: 14.05.1998 JP 13180098 


• Nakano, Yoshinori 






Kotohama-shi (JP) 


(71) 


Applicant: ANRITSU CORPORATION 




Minato-ku Tokyo (JP) 


(74) Representative: 


(72) 




Sajda, Wolf E., Dipl.-Phys. et al 


Inventors: 


MEISSNER, BOLTE & PARTNER 




Mori, Hiroshi 


Postfach 86 06 24 




Atsugf-shi, Kanagawa-ken (JP) 


81633 Munchen (DE) 



CO 

< 

o 

to 

o> 
in 
o> 



(54) Semiconductor laser having effective output increasing function 



(57) Disclosed is a semiconductor laser capable of 
preventing diffusion of a p-type dopant to an active layer 
while performing sufficient carrier blocking, even when 
Zn is used as a p-type dopant, and obtaining high emis- 
sion efficiency and high output by minimizing light 
absorption in a p-type cladding layer. This semiconduc- 
tor laser includes an active layer (3) and p-type cladding 

12 



10 — 



layer (5, 6, 7) on an n-type semiconductor substrate (1). 
The concentration distribution of a p-type dopant from 
the active layer (3) to the p-type cladding layer (5, 6, 7) 
has a maximum value at a distance of 50 to 250 nm 
from the end of the active layer (3). 



FI6.1 




LU 



Primed by Xerox (UK) Business Services 
2.16.7V3.6 



BNSDOCID: <EP 0959540A3_I_> 



EP 0 959 540 A3 



J 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 10 9559 



DOCUMENTS CONSIDERED TO BE RELEVANT 




Category 


Citation of document with indication, where appropriate, 
of relevant passages 


Relevant 
to claim 


CLASSIFICATION OF THE 
APPLICATION (IntCLS) 


X 
A 


EP 0 571 021 A (PHILIPS ELECTRONICS NV) 
24 November 1993 (1993-11-24) 
* page 4, column 34 - page 5, column 20; 
figures 1-3 * 


1 

9,17 


H01S3/19 
H01L33/00 


A 


US 4 809 287 A fOHBA YASUO FT Al > 
28 February 1989 (1989-02-28) 

* column 3, line 25 - column 3, line 40 * 

* column 5, line 41 - column 5, line 50; 
figures 1,4 * 


1,9,17 




A 


US 5 079 184 A (IZUMIYA TOSHIHIDE ET AL) 
7 January 1992 (1992-01-07) 
* column 6, line 4 - column 6, line 32; 
figure 3 * 


1,9,17 




A 


EP 0 805 533 A (MITSUI PETROCHEMICAL IND) 
5 November 1997 (1997-11-05) 
* page 6, line 15 - page 6, column 27; 
figure 1 * 


1,9,17 




A 


PATENT ABSTRACTS OF JAPAN 


1,9,17 


TECHNICAL FIELDS 
SEARCHED (lnt.CI.6) 




vol . 1996, no. 01 , 

31 January 1996 (1996-01-31) 

-& JP 07 249575 A (NIPPON TELEGR & TELEPH 

CORP), 26 September 1995 (1995-09-26) 

* abstract * 


H01S 


A 


PATENT ABSTRACTS OF JAPAN 
vol. 1996, no. 01, 
31 January 1996 (1996-01-31) 
-& JP 07 245447 A (NEC CORP), 
19 September 1995 (1995-09-19) 
* abstract * 

-/— 


1,9,17 




The present search report has been drawn up for all claims 







Ptact of Match 

MUNICH 



DmotcomplMtonof tfw seaich 

13 December 1999 



Exarrinor 

Gnugesser, H 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly relevant if combined witn another 

document of the same category 
A : technological background 
O : non-written dtortoeure 
P : intermediate document 



T : theory or principle underlying; the invention 
E : earner patent document, but published on, or 

after the filing date 
O : document cited in the application 
L : document cHed for other reasons 



a : member of the same patent f amity, correepondtng 
document 



BNSDOCID: <EP 095954QA3_I_> 



2 



EP 0 959 540 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 10 9559 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



Citation of document with indication, where appropriate, 
of relevant passages ___ 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION <lnt.CL6) 



P.A 



PATENT ABSTRACTS OF JAPAN 

vol. 1999, no. 05, 

31 May 1999 (1999-05-31) 

& JP 11 054828 A (SHARP CORP), 

26 February 1999 (1999-02-26) 

* abstract * 



9,17 



TECHNICAL FIELDS 
SEARCHED <lnt.CU> 



The present search report has been drawn up for all claims 



8 
| 

5 

3 
§ 

i 

s 



Plac* of March 

MUNICH 



Dal* of compfcrton of the saaich 

13 December 1999 



Gnugesser, H 



CATEGORY OF ClTEO DOCUMENTS 

X : particularly relevant if taken alone 

Y : particularly retevant if combined with another 

document of the same category 
A : technological background 
O : non-written disclosure 
P : intermediate document 



T : theory or principle underlying the Invention 
E : earner patent document, but pub ashed on, or 

after the filing date 
O : document cited in the application 
L : document cited for other reasons 



& : member of the same patent family, corresponding 
document 



3 



BNSDOCID: <EP O959540A3_l_> 



EP 0 959 540 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 
ON EUROPEAN PATENT APPLICATION NO. 



EP 99 10 9559 



This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report. 
The members are as contained in the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information. 

13-12-1999 



Patent document 




Publication 




Patofit family 




KUDIIC&DOn 


cited in search report 




dale 




member(s) 




data 


EP 0571021 


A 


24-11-1993 


0E 


69312799 


D 


11-09-1997 








DE 


69312799 


T 


12-02-1998 








JP 


6037405 


A 


10-02-1994 








JP 


7073148 


B 


02-08-1995 








IK 


C4AOQ7C 


A 

ft 


«<i— 1 i— iy =o 


US 4809287 


A 


28-02-1989 


jp 


2555282 


B 


20-11-1996 








jp 


63043387 


A 


24-02-1988 








jp 


2659937 


B 


30-09-1997 








jp 


63081884 


A 


12-04-1988 








nr 
ut 


J/07073 


n 

V 










DE 


3789695 


T 


25-08-1994 








FP 




A 

n 










US 


4949349 


A - 


14-08-1990 


US 5079184 


A 


07-01-1992 


JP 


2774581 


B 


09-07-1998 








IP 




A 
r\ 










jp 


2774582 


B 


09-07-1998 








jp 


3034537 


A 


14-02-1991 








DE 


69023956 


D 


18-01-1996 








DE 


69023956 


T 


25-04-1996 








EP 


0403293 


A 


19-12-1990 








JP 


3087019 


A 


11-04-1991 


EP 0805533 


A 


05-11-1997 


JP 


9045986 


A 


14-02-1997 








US 


5949807 


A 


07-09-1999 








CA 


2208999 


A 


04-07-1996 








WO 


9620522 


A 


04-07-1996 








JP 


9097945 


A 


08-04-1997 


JP 07249575 


A 


26-09-1995 


NONE 








JP 07245447 


A 


19-09-1995 


JP 


2778454 


B 


23-07-1998 


JP 11054828 


A 


26-02-1999 


NONE 











uj For more details about this annex : see Official Journal of the European Patent Office. No. 12/82 



BNSDOCID: <EP 0959540A3J_> 



